Pulsatilla chinensis (Bunge) Regel is a traditional Chinese medicine used to treat ulcerative colitis. This study prepared and characterized colon-targeted particles of P. chinensis saponins by particle design. Most of the P. chinensis saponins in the composite particles were coated with Eudragit S100, as seen in SEM micrographs; meanwhile, the characteristic diffraction peaks in X-RD, surface wettability, and particle size distribution of the composite particles were basically the same as those of Eudragit S100. These results suggested that the mechanochemical process could be used to prepare colon-targeted particles with core-shell structures with the drug coated by the excipient; the results also showed similar surface characteristics in the coating.
Pulsatilla chinensis (Bunge) Regel is a botanical used in traditional Chinese medicine which exhibits blood-cooling and detoxification activities, especially in the colon, and is commonly used for the treatment of ulcerative colitis (UC) [1,2a] . Recent research shows that P. chinensis saponins, including triterpene and steroids, possess anti-UC properties [2b,c] . However, best results are seen with retention enemas [2d], limiting its application due to the inconvenience. An oral colon-targeting system refers to one in which orally-administered medicines are kept from being absorbed in the upper digestive tract until they are transited to the cecum or colon so that they can exert a local effect on the diseased region in order to improve the therapeutic effect and decrease toxic or adverse effects [2e]. Particle design refers to the technology in which one powder is fixed on the surface of another, so that a new kind of composite particle, with special physical, chemical, or biological properties, is obtained.
For the purpose of achieving targeted particles with stronger effects and lower toxicity, and to take advantage of this plant resource more effectively, particle design was investigated as a new method for preparing composite particles of P. chinensis saponins and Eudragit S100, which can only be dissolved in the pH environment of the colon. The composite particles were characterized by SEM, X-RD, surface contact angle, and particle size distribution. Because the preparation process of the colon-targeted particles is simple and prone to industrialization, this technique has broad prospects of being developed into a new colon-targeted system. SEM micrographs of the PRS (Sample 1), Eudragit S100 (Sample 2), composite particles with feed ratio of 3:17 (Sample 3), composite particles with feed ratio of 1:19 (Sample 4), and composite particles with feed ratio of 3:7 (Sample 5) are shown in Figure 1 . The PRS particles had irregular shapes and rough surfaces, while the Eudragit S100 particles had spherical shapes and smooth surfaces. The PRS was covered in multilayer Eudragit S100 in the colon-targeted particles with a feed ratio of 1:19, and excessive Eudragit S100 formed more self-polymerization, leading to a thick coat. The PRS was also covered by Eudragit S100 with a thinner thickness of the coating layer and less self-polymerization of the Eudragit S100 when the feed ratio was 3:17. Moreover, the Eudragit S100 failed to coat the PRS completely when the feed ratio was 3:7; the partly bare PRS particles can be seen clearly in the picture. The results showed that with a proper proportion of the drug and excipient, the colon-targeted particles were of core-shell structures in which the drug particles were coated by the excipient particles. The X-ray diffraction patterns of the PRS (Sample 1), Eudragit S100 (Sample 2), and the composite particles with a feed ratio of 3:17 (Sample 3) are shown in Figure 2 . The X-RD mappings of the composite particles and Eudragit S100 were basically similar, in which the characteristic diffraction peaks at 6.08º and 7.88º of the PRS are not shown. It was indicated that the composite particles had displayed the crystal structures of Eudragit S100 instead of the PRS. As a result, the core-shell structures in the composite particles were confirmed. In addition, the characteristic diffraction peak intensity at 15.70º of the composite particles was similar to that of Eudragit S100, which indicated that there was no obvious amorphous change in the preparation process of the colon-targeted particles. The results of the test for surface contact angles of the PRS, Eudragit S100, and composite particles (Sample 3) are shown in Table 1 . The surface contact angle of the composite particles showed a very significant difference from the PRS (P ＜ 0.01), while there was no significant difference from the Eudragit S100 (P > 0.05). This result further confirmed the core-shell structure of the composite particles, which had similar wettability to the Eudragit S100. The results of the particle size distribution of the PRS, Eudragit S100, and three different kinds of composite particles made from the PRS in different degrees of pre-crushing are shown in Table 2 . The mean particle size (dB 0.5B ) and the most common particle size (dB 0.9B ) had no significant differences among the three kinds of composite particles (P > 0.05), which showed that the degree of pre-crushing of the PRS before mixing and grinding with the Eudragit S100 had no obvious influence on the composite particles. The present study of colon-targeted particles made from PRS and Eudragit S100 by a mechanochemical process of particle design proved that the composite particles had a core-shell structure and similar surface characteristics to the coating. Therefore, it has a potential colon-targeted release characteristic in vitro and in vivo, as reported in another paper. This new form can be a useful means for the delivery of colon-targeted drugs.
Experimental
Plant material and extraction: Dried root of P. chinensis was obtained from a Chinese herbal store and authenticated by Professor Xiaoran Li of Soochow University. It was extracted 3 times with 70% ethanol, and then the combined extracts were concentrated in a vacuum. The residue was separated on a D101 resin column, which was eluted with different concentrations of ethanol. The P. chinensis saponins (PRS) were then acquired by lyophilizing the 60% ethanol eluate. The Eudragit S100 powder (supplied by Evonik Degussa Co., Ltd) was placed in a mortar and then mixed with an appropriate amount of PRS powder. These two powders were ground until the color of the mixture became homogeneous to obtain the colon-targeted particles, and then used in the following studies.
Analysis:
The microstructures of the colon-targeted particles were analyzed by scanning electron microscopy (Nova Nano SEM450, FEI) equipped with energy dispersive spectroscopy. Different samples were characterized by X-ray powder diffraction using an X-ray diffractometer (D8ADVANCE, Bruker) with Cu Kα radiation (40 kV, 40 mA). The patterns were recorded at room temperature with step sizes of 0.02º, 2θ, and 46 sec per step during 5º and 60º.
The surface wettability of the composite particles was characterized using an optical contact angle determination instrument (OCA20, Dataphysics). The samples were pressed into tablets using a TR-D8 multifunctional tablet pressing machine, at weights of 0.25 g, diameters of 10 mm, and hardnesses of 50 ± 3N. Testing plane: under surface of the tablets; testing fluid: purified water; testing liquid volume: 40 μL; rate: 0.5 μL·sP -1P ; test time: 10 s. The distance from the bottom of the fixed needle to the top of the undersurface of the tablets was 1.0 cm, and each particle was measured 5 times.
The particle size distribution was measured using a laser granularity instrument (MS2000, Malvern) with dry detection. Sample test time: 12 s; background time: 8 s; determination mode: normal; sampling signal strength: 0.5-6; distributed sampling control: air pressure 2.0 bar, sample rate: 50%.
